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Goals of Computational Toxicology at the EPA
« Model / Characterize known toxic chemicals

—Hazard ID

—Mode of action

—Mechanism of action

—Dose response

 Predict potential toxic effects among widely used but
uncharacterized chemicals

« Working hypothesis:

—A small number of commonly used chemicals account for a
significant amount of human disease / ecological damage
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<EPA Examples of Disease Burden from Widely

United States
Environmental Protection

Used Chemicals

« Estrogen : Hormone Replacement Therapy
—Identified in 2002 as increasing risk of breast cancer
—Estrogen use dropped significantly after this report
—Breast cancer incidence dropped sharply - 6.7% (2003 over 2002)(1)
—Incidence rate remained down in subsequent years

 Diacetyl
—Carrier of aroma of butter, vinegar, coffee, and other foods
- Additive to microwave popcorn

—Associated with “Popcorn Lung” (bronchiolitis obliterans) in microwave
popcorn factory workers

—First case reports in 2000 i
(1) NEJM Volume 356:1670-1674 \H)J\
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oeasees The World of Widely Used Chemicals
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~15,000 chemicals are targets for toxicity characterization
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Many Chemical Lists — Little Overlap

Environmental Protection
Agency
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s s 1 OXICITY Prediction Today
90,9040, 90, 0. 40, ReproTox
Chemical — B 9B 4B 4B D D —@®  DevTox
40 90 90 40 90 90 ® NeuroTox
40 48 50 50 48 48 ——@ PulmonaryTox
$20M —@) ImmunoTox
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\"“IEPA T_OX|C|ty Prediction To_morrow._ |
s reeion 1IN Pattern that Predicts Toxicity
using Inexpensive Assays

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox
ImmunoTox

Chemical

Biological Complexity /
Cost Increases

»
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<EPA Toxicity Prediction Tomorrow:

United States
Environmental Protection

Find Pattern of Assays that Predicts Tox

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox
ImmunoTox

9

Biological Complexity /
Cost Increases

»
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<EPA Toxicity Prediction Tomorrow:

United States
Environmental Protection

Find Pattern of Assays that Predicts Tox

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox
ImmunoTox

H. “
o

Biological Complexity /
Cost Increases
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<EPA Toxicity Prediction Tomorrow:

United States
Environmental Protection

Find Pattern of Assays that Predicts Tox

pos

Cancer
ReproTox
DevTox
NeuroTox
PulmonaryTox
ImmunoTox

Biological Complexity /
Cost Increases

»
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Data Required for Pattern Mining Approach

Environmental Protection
Agency

« Chemical and Biological Descriptors
—Bioactivity
—Structure

« Endpoint — many are of interest
—More complex bioactivity
—Pathway
—Cell
—Tissue
—Organ
—Animal

- Office of Research and Development
National Center for Computational Toxicology
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snronmena roecion - C1@MICAI TOXICItY Prioritization Approach

Agency

» Tox-Score=f( bioactivity, structure, ...)
—If(Tox-Score > Threshold) prioritize for further testing

« “Fast Biology predicts Slow Biology”

« Approach requires high quality training data
—Bioactivity, chemical structure
—Toxicity data
—Both negative and positive examples

- Office of Research and Development 11
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SEPA Bioactivity and Toxicity Data Types

Environmental Protection
Agency

LTS MTS

Gene-expression

1000s/day

100s-1000s/yr

10,000s-
100,000s/day

100s-1000s/day

Human Relevance/
Cost/Complexity

- Office of Research and Development
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e H— Major Data Sources

gency

Source Chemicals | Data

NCBI PubChem | >17M Chemical Structure, HTS assays

NLM Toxnet >5,000 Databases covering toxicology, hazardous
chemicals, environmental health and related areas

FDA >1,000 Data on toxicology of drugs (genetox, repro- and
developmental)

NTP >2,000 National Toxicology Program — animal testing data

EPA ToxCast 320, 1408 | Program to identify bioassay / toxicity links

EPA OPP ~800 Animal toxicology data summaries for pesticides

EPA SRS >70,000 Links to EPA and external data sources,

especially useful for regulatory categories and lists
of chemicals of interest to EPA

EPA DSSTox >10,000 Curated compilation of structure and function

Scorecard >3,000 Compilation of toxicity data on environmental
chemicals — originated by EDF

- Office of Research and Development 13
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United States
Environmental Protection
Agency

Chemical
Structure /
ID

ACToR

Aggregated Computational Toxicology Resource

N A

Assay Data

Application 2

ACToR API

ToxRefDB
Toxicology
Phenotype

Genomics

Experiment
Design

Genomics
Metadata

Microarray
Data

Genomics
RT-PCR
Data

Genomics
Reference
Data

Addresses data needs of ToxCast and other EPA programs
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ACToR Draws from Diverse Data Sources

Environmental Protection
Agency

PubCJlhem

ToxRefDB

=2
ToxCast | ACToR: £

Chermical ToxRefDB f
Structure / Assay Data Toxicology ExDpig‘mr?m
D Phenotype g

Standardized
Documented
Structure-Searchable

Application-independent

DSSTox Substance Reqgistry System

- Office of Research and Development 15
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wEPA ACToOR is Compiling Chemical Facts for

United States

aengy e Computational Toxicology

« Chemical Structure

« Physico-chemical properties
 Direct molecular interactions

« Pathway induction

e Cellular processes / outcomes
 Tissue / Organ effects

* Whole animal effects

e Toxicology Summaries

Tabular Data (quantitative and qualitative) (facts)
on target chemicals

Office of Research and Development
National Center for Computational Toxicology
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wEPA How Much Do We Know About the ~15,000

United States

Rangy e Target Chemicals?

12000

10000

8000

6000

Chemicals

4000

2000

D N T S L A S S

Facts
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"EPA Computational Toxicology Challenges

Environmental Protection
Agency

« Compile more data
—Aggregate existing databases
—Mine the literature
—Get research groups to compile and submit (i.e. PubChem route)
- Generate targeted data
—ToxCast
« Extrapolate computationally from know to unknown
—QSAR - structure-based extrapolation
—QBAR - bioactivity-based extrapolation
—Modeling — PBPK to multi-scale cell and organism models
—Understand limits to extrapolation (domain of applicability)

- Office of Research and Development
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